I. INTRODUCTION
Despite the existence of federal food aid programs, food insecurity and hunger remain a problem for some people in the United States.
1 In 1999, nearly 15% of all children lived in households that were either uncertain or unable to provide a sufficient diet at all times due to limited resources (Andrews et al., 2000) . Furthermore, nearly 42% of children in households at or below the poverty line reported food insecurity.
Poverty has been shown to adversely affect the cognitive development, academic achievement, and health of children (Alaimo et al., 1998 (Alaimo et al., , 2001 Sherman, 1991; Rogers, 1994) . Furthermore, studies have found that even moderate undernutrition can have a lasting effect on children's cognitive development and school performance (Center on Hunger, Poverty and Nutrition Policy, 1999; Brown and Pollitt, 1996; Pollitt, 1995) .
In developing countries it has been shown that instituting a school breakfast program increases student achievement (Chandler et al., 1995 , find positive results in Jamaica; Jacoby et al., 1996 , find positive results in Peru). The positive effect on achievement from instituting a school breakfast program stems from two potential sources. Hungry children have a higher tendency to have physical ailments and lower attentiveness (Garrett and Lennox, 1993) , which hinders the learning process. Alternatively, to eat the breakfast at school a child must not be absent and will likely not be tardy, which increases the probability of learning (Glewee et al., 1999; Rogers, 1994) . A child is less likely to be educated if they are not present. Scrimshaw (1996) indicates that "for most persons, health and functional capacity are determined not primarily by their genetic potential but by their health-related behaviors and the quality of their environment."
This article examines whether the converse of the research holds. That is, does the lack of food security (the secure availability of safe food supplies) hinder achievement for young children? Furthermore the authors examine the relationship between food insecurity and physical size and growth of kindergartners in the United States. The rich data of the Early Childhood Longitudinal Study, Kindergarten Class of 1998-99 (ECLS), provide nearly ideal data for this research. Not only is the ECLS longitudinal, it also includes the 18-item food security module measuring household food security. Others have examined this relationship, including Alaimo et al. (2001) and Glewwe et al. (1999) ; however, previous research has not combined longitudinal data and the 18-item food security module.
Accounting for the complex design of the ECLS data, the authors find that the food insecurity "threshold," as defined as three or more affirmative responses on the food security module, has little predictive value on the outcome of interest, be it math score or physical size. Nonetheless, this article finds that answering any affirmative responses on the food security module has negative effects on math scores and little to no effect on physical size, be it height, weight, or body mass index (BMI). This holds true for the fall math score, or physical size, as well as the learning, or growth, that occurs during the school year.
The article progresses with further description of the ECLS, estimation techniques, results, and concludes with a discussion.
II. DESCRIPTION OF DATA
The ECLS kindergarten cohort is a sample of 21,260 children who attended kindergarten in fall 1998. The complex design of the ECLS samples kindergartners from approximately 1000 schools. A target of 24 children was sampled in each school. The data are nationally representative with an oversampling of Asian, Pacific-Island children, which population weights account for.
Information on the child is primarily obtained from the parent or guardian. Assessment of cognitive abilities of the child as well as physical size is administered at the school. Further parental information is gathered, including education, income, marriage status and history, welfare program participation (current and past), and other information. The parent or guardian is also asked to use the 18-item food security supplement to assess the household's food security status.
The ECLS administered two child assessments and two parent questionnaires in the kindergarten year. The first assessments and interviews were administered in the fall, the majority completed by October. The second assessment was in the spring, six months (on average) after the fall assessment. Although the child assessment measures are available at two points in time in kindergarten, some of the information from the parent interview is only available once. Although some of the basic information was collected twice, such as household size, income, and makeup, the food security module was administered only in the spring interview.
Information about the school is gathered from both the school administrator (principal) and the teachers who direct the classes in which the sampled students attend. The ECLS gathers information on racial composition of the school and classroom, free and reduced-price breakfast/lunch eligibility and participation, and total enrollment of the school and kindergarten level. Teachers provide information on their background, such as tenure, educational background, salary history, and racial background.
The rich data available on the ECLS allows for appropriate explanatory variables to be included in the estimation, diminishing the possibility of spurious results of food insecurity on math scores, body mass indices, and height and weight measurements.
A. Food Security Measurement
The ECLS includes the 18-item food security survey module. The food security survey module was developed through a collaborative process between private nongovernment researchers, academic researchers, and a federal interagency working group, with leadership from the Department of Agriculture and the Department of Health and Human Services. The interagency group developed the food security measure in the early 1990s to estimate the safe and reliable availability of nutrition Hamilton et al., 1997a Hamilton et al., , 1997b USDA, 1995) .
Although a single-method instrument would be desirable, ordering food security on a scale is impossible for the development of valid severity points. The use of several valid items assists in differentiating household and individual degrees of food insecurity and hunger. Positive responses to the scale items are considered to represent the progression from a "food-secure" household to "food insecure without hunger" and at the more extreme level "food insecure with hunger." For example, the first question asks if in the past 12 months the respondent ever worried that food would run out because money was not available. The last question asks whether a child in the home ever skipped a meal in the past 12 months because money was not available. Because of the increasing severity of the questionnaire, if a household answers four items affirmatively, they are likely to be the first four items.
A household is deemed food insecure if three or more items are affirmed and food insecure with hunger if eight or more items are affirmed. Table 1 details the 18 items on the food security questionnaire. It also defines the threshold of food insecurity without hunger and with hunger.
To better assess the impact food deprivation, given even the slightest indication of deprivation, the authors take advantage of whether any items are affirmed by using a continuous measure of household food security. Of the 21,260 kindergartners, 18,847 have valid responses for the food security supplement. Of these students, 3335 have at least one affirmative response. Table 2 reports frequencies of the food security module, categorizing responses further into Food Secure, Marginally Food Secure, Food Insecure, and Food Insecure with Hunger. As can be seen in the table, about half of the households responding affirmatively to at least one food security supplement item are categorized as food insecure (fourth and fifth columns). Also, the frequency of the number of items affirmed diminishes with the number affirmed, as expected. Table 3 reports the descriptive statistics for the variables of interest. The authors partition the table by the four dependent variables, math scores, height, weight, and BMI, as well as reporting several key indicators used in the regression analysis. The columns of the table report the mean of the overall sample, the food secure, the marginally food secure, the food insecure, and the food insecure with hunger, respectively. What Table 3 demonstrates is how the households affirming at least one question on the food security module are much more similar to one another than households with no affirmative responses. Although the food security module is ordered from least to most severe experiences of food insecurity, the first affirmative response represents a large decline in food security.
B. Descriptive Statistics
As expected, math scores decline with increasing levels of food insecurity. The average math score in the fall for children with zero affirmative responses on the food security supplement was 20.05. Children with positive responses to the supplement did increasingly worse. Those with one or two positive responses, marginally food secure, scored 3.21 points below those with zero; those food insecure without hunger scored 3.66 below; and those with eight or more scored 4.17 below.
Also, the average gain in math score from fall to spring was more for children in foodsecure households. The same pattern continues for the amount of math the children learned during the year. Those with zero responses gained in the math score by an average of 8.09 points, whereas the marginally food secure only gained 7.46 (0.76 worse than the food secure).
The average height and weight of the children and the amount of growth over the year do not present as clear a pattern as the math scores do. On average, the children from food secure homes are shorter and weigh less than other children, though the differences are not statistically significant. Furthermore, the BMI of children increases with increasing levels of food insecurity; 2 however, the differences are, again, statistically insignificant. Others have found that anthropometric measures are inadequate indicators of food insecurity (Glewwe, Jacoby, and King, 1999) .
The remainder of the means reported by food security group is as expected. For instance, the average food secure household (second column of Table 3 ) has fewer 2. BMI has been found by the Centers for Disease Control and Prevention (2001) to be the only indicator that allows for the accurate measure of weight and height based on age and gender: family members, is more likely to be married, is less likely to participate in either free or reduced-price meals, and has more income than marginally food-secure households, food-insecure households, or food insecure with hunger households.
III. ESTIMATION
In estimating the effect of food insecurity on variables of interest, the complex design of the data potentially biases and confounds estimation. This can be said for most empirical estimations using complex data. Most large nationally representative surveys stratify the population into several dimensions to increase reliability of the data while minimizing costs of obtaining the data. Unfortunately, the sample surveyed is no longer a simple random sample. This has the potential of biasing point estimates in a regression analysis framework and likely deflating standard errors.
Fortunately, the ECLS provides both strata and primary sampling unit information, allowing for the complex design of the sample to be accounted for in estimating the effect of food insecurity on math scores and physical measures. Accounting for the complex design of the data, the authors institute ordinary least squares when estimating the effect of food insecurity on math scores, height in inches, and weight in pounds.
3 The authors use the logit model when estimating the effect on obesity and underweight, which are dichotomous variables.
The key explanatory variables are the three indicators of increasingly severe levels of food insecurity. The equation estimated is as follows:
where Y is either math score, height, weight, or BMI; X is a vector of control variables; and 1 , 2 , and 3 indicate the number of affirmative responses on the food security scale.
The three food security coefficients, 1 , 2 , and 3 , estimate differences between households within each of the four food security categories. With fall math scores as the dependent variable, the 1 coefficient estimates the difference between the math scores of children in households affirming at least one response with children in households affirming none. One would expect the 1 coefficient to be negative. Because the indicator variables in this analysis overlap, the "at least one" category includes the "more than two" category, each successive coefficient reports the difference from the previous variable. For instance, the estimated point estimate of 2 is the effect of having more than two positive responses above and beyond having at least one affirmative response. Thus, to get the effect of being food insecure with hunger, one would sum the three coefficients to get the cumulative effect of being in a food insecure with hunger household compared to being in a foodsecure household.
The control variables include child characteristics, family and household characteristics, classroom characteristics, location, and parental education. The child specific variables are race, gender, age in months at the time of the assessment, and, in the case of measuring gain scores or growth, the number of months since the fall assessment. Family characteristic variables include total household size, income (and income squared), and parental structure (single-or dual-parent household). Classroom variables include percent of students African American, percent Hispanic, and whether it is an all-day class. Six indicator variables for location ranging from rural to medium-size city (with large city being the omitted variable) make up the location variables. Last, parental education for both the mother and father is measured with indicator variables for highest level of education completed: high school not completed, high school, a college degree, and more than a college degree.
The formidable breadth and depth of the ECLS data allow for substantial controls to be instituted in the regression analysis. Not only are many variables measured that are rarely accessible in a large nationally representative data set, but the large number of students sampled allows for the inclusion of many control variables without the fear of bumping up against limited degrees of freedom. The effect that most of the control variables have on the dependent variable can be easily predicated; however, for others it may not be clearly a positive or negative effect, just that it will be an effect. For example, one can expect child math scores to be positively associated with parental college completion. On the other hand, it is less clear whether a rural setting would have a positive or negative effect on a kindergartner's math score. Nonetheless, we can expect there to be differences in achievement between the locations. By including both the obvious and not-so-obvious control variables, the estimated effect of food insecurity on kindergarten physical and academic status in the beginning of the school year and the growth and learning experienced over the school year is more accurately estimated.
IV. RESULTS
It seems reasonable to expect the food security status of a child's home to affect his or her physical size and growth. Similarly, one might expect food security to affect the child's academic capacity at the beginning of the year and learning over the course of the year. For instance, a child from a foodinsecure home might begin the school year being relatively undersized and academically underprepared but begin a growth and learning spurt due to the regular availability of nutritious school meals. The authors find that the food security of a child's home, be it secure, marginally secure, insecure, or insecure with hunger, affects both the initial test score taken in the fall and the learning that occurs over the year in a detrimental way. 4 The children from less food secure homes not only score lower at the beginning of the year but also learn less over the course of the school year.
5 However, this study do not find that the food security status of a child's home predicts their physical size or growth.
A. Math Scores
Overall, answering at least one affirmative response on the 18-item questionnaire has a larger estimated effect than being classified as food insecure. That is, children in homes with one or two affirmative responses on the food security module (marginally food secure) are more similar to those children 4. There is the possibility that there are unobserved characteristics that might affect both math score and number of affirmative responses on the food security questionnaire. These could be from genetic or cultural characteristics. Thus far, no research has uncovered any such correlation, but the possibility exists and is therefore important to take under consideration.
5. Because the ECLS currently only covers the kindergarten year, the authors are unable to address the question of whether these early setbacks of coming from a non-food secure home are recoverable, or if the setbacks are permanent. A report by Barlow and Dietz (1998) indicate lasting physical ailments to people overweight as children, including (but not limited to) knee or hip joint pain, diabetes, and gallbladder disease. categorized as food insecure (with or without hunger) than they are similar to food secure children.
In estimating the effect of food insecurity on student math scores, the authors use the set of explanatory variables discussed earlier. Though the set of explanatory variables accounts for observable differences, there remains the possibility that unobservable characteristics may affect both math scores and food insecurity. With this caveat we present our results. Table 4 reports the estimated effect of food insecurity on math scores in the fall when the children enter school. The effect of affirming any items on the food security module has negative effects on the fall math score, similar to affirming at least three items, and doubles quantitatively when affirming at least eight items. In each of these models, the estimated effects are statistically significant. However, when all three indicator variables of food insecurity are included, only the "at least one" indicator variable is statistically significant. The remaining two more severe indicators of food insecurity have negative effects on math score in that they are negative in sign, but they are not statistically different from the "at least one" variable. Though the authors do not go into detail explaining the remaining explanatory variables, they affect math scores in the direction that theory predicts. The authors report the explanatory variables in Tables 4 and 5 for comparison to the variables of interest, namely, the food security indicators.
Like the effect of food insecurity on the fall math score, the effect on learning-that is, the gain in math score from the fall to the spring-is also negative, as reported in Table 5 . However, in the case of learning throughout the year, the more severe food insecure categories do not appear to affect learning. In fact, the estimated coefficients for the more severe measures of food insecurity are never statistically significant. Another difference between the estimated effect on math scores in the fall and spring is that the number of explanatory variables statistically significant (at a p-value of 0.05) in the learning equation decreases dramatically, from 25 to 8. This should not be surprising because of the fact that in the learning equation (Table 5 ) the fall math score is included as an explanatory variable. 6 Nonetheless, affirming at least one item on the food security module remains statistically significant and negative, as expected, in the learning equation. It is worth mentioning that the effect of affirming at least one item would more than counterbalance the effect of the child's mothers being educated beyond a college degree (with 6. Without the fall score as an explanatory variable the estimated coefficient for "At least one question affirmed" more than doubles and increases in statistical significance. There is a possibility that the fall score is correlated with a child's innate ability. However, these authors feel that not including the fall score suffers from severe omitted variable bias, dominating the potential for inconsistency arising from child-specific ability correlated with the error term. Erring on conservative estimates, the authors proceed with the smaller estimated coefficient by including fall score in the model. a two-year degree the omitted variable in the education indicators).
When examining the effect of food security on math scores and learning for the population at or below 150% of the federal poverty guidelines, much less can be said. Table 6 reports the estimated effect of food security on the fall math scores and the effect on learning over the year. 7 In the case of the population at or below 150% of the federal poverty level, the food security measures do not explain math scores or learning. One exception to this is the second column in 7. Additional explanatory variables are included in the estimation but not reported here. Similar patterns continue from the previous analysis, such as the number of statistically significant explanatory variables dropping in the learning equation. These results are available to interested readers. the top part, which reports those affirming at least three items on the food security module to have a large negative effect on fall math score. The result does not hold up when the other food security measures are included, however. The nonresults continue when the authors estimate the effect on learning in the first year.
B. Physical Measures
It may be reasonable to expect extra growth and weight gain to occur in children that come from more severe levels of food insecurity as they enter kindergarten. For instance, constant access to nutritious food might trigger a growth spurt in a child with less nutritious eating habits. Although a greater reliance on high-calorie, high-fat convenience foods, soda consumption, and diminished physical activity has occurred in all pediatric groups, poor children have been found to be disproportionately more reliant on these foods than the nonpoor (Rector, 1998) .
8 Strategies to cope with food insecurity, such as the reliance on high-fat foods, may contribute to body fat gain, especially when this occurs on a cyclical basis in response to periodic food shortages (i.e., when food stamps run out before the end of the month) (Dietz, 1995; Wilde and Ranney, 2000) . Alternatively, we could reasonably expect overweight and obese children that are entering kindergarten to become, in fact, less "overweight" from the healthy meals served in school.
8. Cutts et al. (1998) report that preschool children classified as "hungry" or "at risk for hunger" consumed more soda or other sugared drinks than nonhungry children, thus contributing to "empty" calories.
Technically, a person is classified as overweight or obese according to their BMI. The Centers for Disease Control and Prevention (CDC) occasionally releases BMI guidelines for underweight, at-risk of overweight, and overweight according to age and gender, which they updated in 2001 (CDC, 2001) . Furthermore, because boys and girls differ in height, weight, and body fatness as they mature, BMI allows for greater investigation of the impact food insecurity has on physical development. Table 7 reports the updated CDC guidelines for underweight, at-risk overweight, and overweight for boys and girls at several different ages.
The prevalence of child at-risk overweight and child overweight in the ECLS is quite high at 26% and 11.5%, respectively (Table 8) . Further, the percentage of children categorized as at-risk overweight and overweight increases with more severe food insecurity, from 25.8% at-risk overweight in food secure homes to 29.3% at-risk overweight in food insecure with hunger homes, and from 11.2% overweight to 13.7% overweight.
In estimating the effect of food insecurity on BMI and the change in BMI over the school year, the authors include the same set of explanatory variables used in the previous analysis on math scores. One set of explanatory variables unavailable in this data set is parent's height and weight, and subsequently their BMI. 9 The ECLS is an educational data set. Thus it is not surprising that parental height and weight are not included. Additionally, the data to this point only cover one year 9. Anand et al. (1999) find that regardless of income, a child with an obese parent is at increased risk of becoming overweight. of the child's life, and changes in BMI may not be detectable in this time period. With these caveats, the authors briefly present and discuss the results of food insecurity on BMI. Table 9 reports the results of increasing levels of food insecurity on BMI. These results are not statistically significant. This inability to reject the null hypothesis is robust to alternative measures of physical size and growth. As alternative measures of size the authors used height, weight and also used indicator variables for overweight, obese, and underweight. 10 The food security measures remained statistically insignificant.
10. In the case of the indicator variables for overweight, underweight, and obese, the authors estimated these models both with a linear probability framework and a logit model. Neither estimation rejected the null hypothesis. These results are available to interested readers.
The authors believe the lack of any significant results is partly due to an insignificant amount of time being observed and partly due to a lack of important control variables.
V. DISCUSSION
This research examines the effect of food insecurity on a child's mental and physical development. Specifically, we examine the differential effect of a child being in a home responding affirmatively to 0, 1 or 2, 3 to 7, and 8 to 18 items in the food security supplement.
This article finds that affirming one or two items in the food security supplement is as important as being classified as food insecure by affirming three or more items. Of the 18,962 respondents that completed the food security supplement in the spring of the kindergarten year, 18%, or 3335, affirmed at least one item and 1705 affirmed at least three items. The designation of three or more affirmative responses being food insecure bears less weight in this analysis than affirming any items.
Further research is needed in this area and will no doubt increase as future waves of the ECLS data become available. This research demonstrates the importance of nutritional stability, young children, and learning. Children from homes with any level of nutritional instability fare worse than those that are truly food secure. Similar results come from research in developing countries. One potential policy implication of this work involves increasing efforts to target the food insecure in the school meals program. This could involve introducing universal free meals or increasing the after-school snack program.
Food security categorization appears to affect academic achievement, both in terms of ability entering school and learning over the school year but does little in predicting physical size or development.
